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固体核磁谱、粉末 X 射线衍射、场发射扫描电镜和高分辨透射电镜以及 N2 吸附
-脱附曲线测试等手段对该系列超交联微孔聚合物进行了表征。其 BET 比表面积
可达到 1337 m2 g-1，对 CO2 和 H2 的最高吸附量分别为 17.74 wt%（273 K/1.0 bar）
和 1.83 wt%（77 K/1.13 bar）。室温下，该聚合物具有较高的有机蒸气吸附能力


























料的比表面积高达 1357 m2 g-1，同时具有较高的气体吸附性能（CO2：15.86 wt%，











亚胺基超交联聚合物材料的 BET 比表面积能达到 841 m2 g-1，同时因为双马来酰
亚胺中含有的 N 杂原子增强了聚合物和 CO2分子之间的相互作用，所以其具有





















Hyper-cross-linked microporous polymers (HCPs) with high specific surface 
areas, low skeleton density, large pore volume, excellent chemical and environmental 
stability and flexibility of design and functional, have potential application in the 
areas of gas storage and separation, catalysis and sensor. The past decades witnessed 
the rapid development of HCPs, its massive preparation and the control of the 
structure of the HCPs, however, are still big challenges. In this thesis, two kinds of 
hyper-cross-linked polymers, including pitch-based HCPs and bismaleimide-based 
HCPs, were prepared via facile and effective approaches. Furthermore, the gas 
adsorption and separation ability were studied. The main contents are as follows: 
(1) We employed the previously ignored building blocks and prepared 
hyper-cross-linked polymers (HCPs) with high surface area via one-step 
Friedel-Crafts reaction. Every year petro- and coal-chemical industry produces 
massive pitch, mainly composing of phenols, polycyclic aromatic hydrocarbons and 
heterocyclic compounds. And CHCl3 was used as not only the solvent but also the 
crosslinker, which simplify the operation of the experiment. The as-prepared polymers 
were characterized by FT-IR, 
13
C NMR, PXRD, SEM, TEM and N2 
adsorption/desorption measurement. Depending on the place of origin, 





good chemical and environmental stability. The inherent heteroatoms in the pitch 
(sulfur) and the introduced heteroatom (chlorine) endow the obtained HCPs excellent 
gas adsorption capability. The uptake capacity for CO2 reaches up to 17.74 wt % (1.0 
bar, 273 K) and the hydrogen storage is up to 1.83 wt % (1.13 bar, 77 K). In addition, 
the pitch-based HCPs also show high organic vapors capture capacity at room 
temperature (cyclohexane: 1115 mg g
−1
; ethyl acetate: 685 mg g
−1
; methanol: 1198 
mg g
−1
 and benzene: 890 mg g
−1
). 
















Friedel-Crafts acylation, which was not been adopted to synthesis polymers because 
carbonyl group would reduce the activity of the aromatic ring. In this thesis 
methylbenzene, naphthalene, coal tar, coal tar pitch and 1,3,5-triphenylbenzene were 
employed to react with triphosgene, and it was found that the carbonyl group has little 
influence on the activity of the large aromatic ring, such as coal tar, coal tar pitch and 
1,3,5-triphenylbenzene. The prepared HCPs were characterized by FT-IR, N2 
adsorption/desorption measurement, and the electrochemical performance of 
carbonized HCPs was measured by electrochemical workstation. The BET surface 




, and they possess good gas adsorption 
ability (CO2：15.86 wt%，273 K/1.0 bar；H2：1.57 wt%，77 K/1.13 bar). Besides, the 
oxgyen-doped carbon materials prepared by pyrolyzing the HCPs show a high 
specific capacitance (409 F/g at 1.0 A/g) and good cycling stability (99.3% 
capacitance retention after 10000 cycles), demonstrating the advantages of the porous 
structure and oxgyen-rich chemical composition of HCPs. 
(3) A novel type of hypercrosslinked organic microporous polymer (HOMP) has 
been successfully prepared based on the radical copolymerization of bismaleimides 
and divinyl benzene. In comparison with the HOMPs prepared with crosslinking 
techniques, the new radical strategy circumvents some intractable problems, such as 
low atom economy, structure irregularity and corrosive by-products. The obtained 
HOMPs have defined molecular structures due to the intrinsic alternating 
copolymerization properties of the two monomers. The HOMPs were characterized 
by FT-IR, 
13
C NMR, TGA, EA, SEM, TEM and N2 adsorption/desorption 




 and high gas capture 
capacity (CO2: 11.22 wt %, 273 K/1.0 bar; H2: 0.82 wt %, 77 K/1.13 bar) were 
achieved. The CO2/N2 selectivity of HOMPs is 51.02/1, surpassing the selectivity for 
many other porous polymers. In addition, the polymers also displayed good chemical 
and thermal stability, which is critical for the practical application.  


















摘要 ...................................................................................................................... I 
Abstract ............................................................................................................ III 
第一章 绪论 ...................................................................................................... 1 
1.1 微孔有机聚合物材料的研究进展 ........................................................ 1 
1.2 超交联聚合物材料的制备 .................................................................... 9 
1.2.1 后交联法制备 HCPs ................................................................... 9 
1.2.2 一步自缩聚法制备 HCPs ......................................................... 11 
1.2.3 外交联剂编织法制备 HCPs ..................................................... 13 
1.3 超交联聚合物材料的应用 .................................................................. 15 
1.3.1 储存气体.................................................................................... 15 
1.3.2 分离与提纯................................................................................ 17 
1.3.3 多相催化.................................................................................... 18 
1.3.4 传感............................................................................................ 19 
1.4 本文的研究目的、意义和研究内容 .................................................. 19 
第二章 沥青基超交联微孔聚合物的合成及其气体吸附研究 ...... 21 
2.1引言 ....................................................................................................... 21 
2.2实验部分 ............................................................................................... 23 
2.2.1 主要试剂.................................................................................... 23 
2.2.2 测试表征.................................................................................... 24 
2.2.3 沥青基超交联聚合物的合成.................................................... 26 
2.3 结果与讨论 .......................................................................................... 28 
2.3.1 沥青组分分析............................................................................ 28 
2.3.2 沥青基超交联微孔聚合物的制备和表征................................ 29 
2.3.3 沥青基超交联微孔聚合物的比表面积和孔径分布................ 35 
















2.4 本章小结 .............................................................................................. 45 
第三章 羰基编织的超交联微孔聚合物 ................................................ 47 
3.1 引言 ...................................................................................................... 47 
3.2 实验部分 .............................................................................................. 48 
3.2.1 主要试剂.................................................................................... 48 
3.2.2 测试表征.................................................................................... 48 
3.2.3 羰基编织的超交联微孔聚合物的合成.................................... 49 
3.2.4 羰基编织的超交联微孔聚合物的碳化.................................... 50 
3.3 结果与讨论 .......................................................................................... 52 
3.3.1 羰基编织的超交联微孔聚合物的制备.................................... 52 
3.3.2 羰基编织的超交联微孔聚合物的化学结构............................ 52 
3.3.3 羰基编织的超交联微孔聚合物的孔结构................................ 53 
3.3.4 羰基编织的超交联微孔聚合物材料对 CO2 的吸附性能 ....... 55 
3.3.5 羰基编织的超交联微孔聚合物材料的电化学性能................ 57 
3.4 本章小结 .............................................................................................. 58 
第四章 自由基聚合制备双马来酰亚胺基超交联微孔聚合物 ...... 60 
4.1 引言 ...................................................................................................... 60 
4.2 实验部分 .............................................................................................. 62 
4.2.1 主要试剂.................................................................................... 62 
4.2.2 测试表征.................................................................................... 62 
4.2.3 双马来酰亚胺基超交联微孔聚合物材料的合成.................... 63 
4.3 结果与讨论 .......................................................................................... 64 
4.3.1 双马来酰亚胺基超交联聚合物材料的制备............................ 64 
4.3.2 双马来酰亚胺基超交联聚合物材料的化学结构.................... 65 
4.3.3 双马来酰亚胺基超交联聚合物材料的形貌及孔结构............ 67 
4.3.4 双马来酰亚胺基超交联聚合物材料的稳定性........................ 71 
4.3.5 双马来酰亚胺基超交联聚合物材料的气体吸附性能............ 73 
















第五章 总结及展望 ...................................................................................... 80 
参考文献 ........................................................................................................... 83 
硕士期间发表的论文 ................................................................................... 93 



















Abstract in Chinese ........................................................................................ I 
Abstract in English ....................................................................................... III 
Chapter I Introduction.................................................................................. 1 
1.1 Microporous Organic Polymers ........................................................... 1 
1.2 Preparation of HCPs .............................................................................. 9 
1.2.1 Post-crosslinking of polymers ...................................................... 9 
1.2.2 One-step direct polycondensation ............................................... 11 
1.2.3 External crosslinking .................................................................. 13 
1.3 The application of HCPs ..................................................................... 15 
1.3.1 Gas storage .................................................................................. 15 
1.3.2 Separation and purification ......................................................... 17 
1.3.3 Catalysis ...................................................................................... 18 
1.3.4 Sensing ........................................................................................ 19 
1.4 Objectives, significance and contents of the dissertation ................. 19 
Chapter II Synthesis and properties of pitch-based HCPs ............ 21 
2.1 Introduction .......................................................................................... 21 
2.2 Experimental section ........................................................................... 23 
2.2.1 Reagents and materials ............................................................... 23 
2.2.2 Characterization and Instruments ............................................... 24 
2.2.3 Synthesis of Pitch-based HCPs ................................................... 26 
2.3 Result and disscusion ........................................................................... 28 
2.3.1 Analysis of the composition of pitch .......................................... 28 
2.3.2 Preparation of Pitch-based HCPs ................................................ 29 
2.3.3 Surface areas and pore size distribution of pitch-based HCPs ... 35 
















2.4 Conclusions ........................................................................................... 45 
Chapter III HCPs kintting by carbonyl group (CaHCPs) ............. 47 
3.1 Introduction .......................................................................................... 47 
3.2 Experimental section ........................................................................... 48 
3.2.1 Reagents and materials ............................................................... 48 
3.2.2 Characterization and Instruments ............................................... 48 
3.2.3 Synthesis of CaHCPs .................................................................. 49 
3.2.4 Carbonization of CaHCPs ........................................................... 50 
3.3 Result and disscusion ........................................................................... 52 
3.3.1 Preparation of CaHCPs ............................................................... 52 
3.3.2 Chemical structures of CaHCPs.................................................. 52 
3.3.3 Pore structures of CaHCPs.......................................................... 53 
3.3.4 CO2 adsorption of CaHCPs ......................................................... 55 
3.3.5 Electrochemical performance of CaHCPs .................................. 57 
3.4 Conclusions ........................................................................................... 58 
Chapter IV Bismaleimide-based HCPs prepared by radical 
polymerization ............................................................................................... 60 
4.1 Introduction .......................................................................................... 60 
4.2 Experimental section ........................................................................... 62 
4.2.1 Reagents and materials ............................................................... 62 
4.2.2 Characterization and Instruments ............................................... 62 
4.2.3 Synthesis of bismaleimide-based HCPs...................................... 63 
4.3 Result and disscusion ........................................................................... 64 
4.3.1 Preparation of bismaleimide-based HCPs .................................. 64 
4.3.2 Chemical structures of bismaleimide-based HCPs ..................... 65 
4.3.3 Pore structures of bismaleimide-based HCPs ............................. 67 
4.3.4 Stability of bismaleimide-based HCPs ....................................... 71 
















4.4 Conclusions ........................................................................................... 78 
Chapter V Conclusions and prospects ................................................... 80 
References ........................................................................................................ 83 
Publications ..................................................................................................... 93 
















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
